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Abstract, A m«:ropropaga(ion ‘system was developed: for hazclnut cultivars. Grafted

greenhouse-grown plants produced many more viable explants than upper brancl\es of
mature field-grown trees. Shoots from graflted greenhouse-grown plants collected Macch .

(llroug.h July and suckers ofmature field-grown trees collected in July produced the most
growing explants (16 % 10 80%). Three- to five-fold multiplication was obtained after 4

weeksof culture on NCGR-COR medium supplemented with 6.7y BA and 0.04 100 [BA.

Roots were produced:on 64% Lo 100% of shoots grown on halfstrength NCGR-COR

mineval salts and 4.9 yv IBA for 4 weeks. Ex vitro rooting by a briefdipin 1 orSmmIBA

was equally successful, Transplant survival was 78% to 100%. Chemical names used: N

|)cl\u

Researchers have dcmonslr.ncd, lu;z.clnux
micraproy with seedling and juvenile
austerials, but adult tree cul(urc has beea im-
peded by probleas with microbial contamina-
tion and low initiztiort and muluphcauon rates
(Bassil et al.. 1
Messeguerand Mele, 1987; Perezetal., 1987).
Recentimprovements inhazelautmicropropa-
gation have provided increased opportunities
for micropropagation of d cultivars
(Bassil et al., 1992; Diaz-Salaetal., 1990; Yu
and Reed. 1993). Micropropagation for fast
dissemination of new.aut and tootstock culti-
varscould be analtemative totraditional propa-
gation by field layering.

Explant juvenility is one of the most im-~
ponant-factors affecting the in.vitro response

of man_\:.woody plants. Juvenile materials are
generally. casier. (0 propagate than mature

materials. Therefore, selecting the most juve-

nile tissues withina tre or rejuvenating donor -
tree patts by special treatments before excis

ing explants hasbeen adopted forwoody plants
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denine (BA); indole-3-butyric acid (lBA)

(Bonga. 1987).Rootsuckers and Stump \prouis
are morejuvenilethanotherbracies aid thus

provide a good choice for explants (Thorpe

and Hany, 1990). Rc;uvcna(xonofremvmo{a'-
tion techniques include repeatedly spraying
branches intended foc cxplant with cytokinin
(commonty BA) (Abo’ BLNil, 1982), serial
grafting (Franclet ct al., 1987), serial rooting

of mature cuttings, and repeated subculture of -

shoot apices in cytokinin-containing medium
(Thorpe and Harry, 1990).

Rescarchers attempting ‘hazelnut micro-‘i

propagation have used rejuvenated or rein-

vigorated adult tissues, Messeguer and Mele |

(1987) obtained ‘growth from <50% of ex-
¥2Gironell” plants (Corylus avellana L.) grown
for 2 yearsina greenhouse. Paczetal.(l987)
obtained 70% active growth in vitro of lateral
bndsukeuﬁomdqugeu(wcshootsof 12-
month-old, greenhousc-grown cuttings of
‘Negret’. Diaz:Satact ll.(l990)obwned 80%
bud of explants (rom forced shoots

of cold-stored,’ ﬁc!d-gmwn. mature branches .
- of “Tonda Gentile dellc Langhe”. .
Thcmnmwh@exphmmcolleaed i

also can influence in vitro response. For ex-
ample, explants collscied in the autuma from
grecahousc-grown “Negre(” plants produced
63% gmwmg shoois compared 0 38% and
10% from spring: and summier-collccted iex~
p;an;s. mpealvely (Mcswguer and Mclc,
1983), .

Earljér, we devdoped an impmved me-
dium for optimum maltiplication of hazelnut.
mlum(YuandReed.lm).Wefomddm,.
was still a nced (o improve some steps in..
mature plant material ..

initiating and wlwrhg
- -and ultimately retuming rooted shoots to the
soil. laithis study, ous objective wasto develop
2 micropropagation system for hazelaut root«
stock and nut cultivars. "

plants taken from rooted branches of mature.

Mu(cmls and Me(lwds

" We uied- 6=it0 lo-ycaﬂold *Ba«selona .
'Gmway . ‘lelame«p". *Dundee’, and

" “Newberg harnlnut (Corylus avellana) trees

as explant sources. *Baroclona’ is the leading
cultivar inOregon. *Gasaway" is a pollinizer

;and highly. resistant to-castermn filbert blight

" (Mehlenbasheretal,, 1991b),and *Willamette®
“isa aew cultivar for the blanched kernel mar
ket (Mehlenbacher et al.; 1991a), ‘Newberg®

'(USOR 7-71) and *Dundec’ (USOR 15-71).

aretwonew rootstocks.selected

nonsuckering
(fromopmopollmatedawluml«md Based
“on morphological characteristics, ‘Newberg

and *Dundee’ appear 10 be Corylus interspe-

"cific hyhrlds (Lagerstedt, 1990, 1993).

*Barcelona’ {Nativ naf Clonal Germplasm Re-

‘pository (NCGR) iocession #36), ‘Gasaway”

(NCGR accession #54), “Dundee’ (NCGR
accession #165), a0 *Newberg' (NCGR ac-
cession #168) were taken from collections at -
the NCGR, Corvallis, Ore.. and *Willamette”
was gotlected from the Oregon Stae Univ..

‘Dept. of . Hotticulture - Rc\c..mh Farm

Corvallis,

Culture mrabh;lmmu *Barcelona’ and
*Gasaway ' explants were collected from three
sources at_similar devefopment stages: 1)
grifted greenhouse-grown; plants (Dorinant
t\r.ludtcs ¢collected from ficld-growntrees
in Doccmbct. stored at 4C, and grafied onto
“Bareclona’ seedling rootstocks: in - grecn-
houscmlmuaryusmgwh«p-and-longuc&m(( :

“ing: grafted plants grew in the greerhouse for

the rest of the growing season. and explants’
were collected in Mar. b, May, and July.): 2)
uppes branches of fie -grown trees in May.
June, and August;3) suckers-of ﬁeldsgmwn :
trees in June, July, and September. -+
Forced outgrowth of fucld-grown

“*Gasaway® ‘branches also was testéd. Field-

growa branches were collected -in Apnl
washed with tap water, disinfested for 10 min
with a 15% bleach (containing 5.25% sodium

_hypochlorite) (Clorox, Qakland. Calif.) solu:
. uou witha rcw drops of Tween 20 (polyoxy-

laurate) (Sigma. St.

F Louns). and rinsed with tap water. Afier the

bases were recut, they were immersed inforc-
ing solution (9 g Floralifefliter (Flodalife. Burr
Ridge, 1)} at 23 = 2C in the laboratory. The -
basal ends of branches wen srutied off. and
thesolutions replaced we- KLy, New sh
were collected aﬂer 3 t0 4 waeks (in' May).

" Theee new cultivars (‘Willamette™. =

“‘Dundee’, and *Newberg®) were used todeter-
- mine whether varied  genotypes of gr'aﬁcd i
. grecahouse-grown plants established well in

culture. Explants were taken from grafted

. greenhouse-grown planis (as prcwouﬂy de- 7
,smbed) in March, May. and July. - ’

Stioots were collected, washicd with soapy !

water, and rinsed: with tap watér after the
leaves were trimmed off. Then, shoois were

cut into single-node segments and. surface

disinfestedfor 10 minina 15%bleach solution . .

with 1 drop of Tween 20 per 80 mi.of bleach
solution, followed by two rinses with sterile
deionized water. Only lateral-bud segments
with a single node each were used for most
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experumcnts. ln March, shoot (i
greenhouse-grown plants of “Barcelona’,
‘Gasaway’, and *Willamette™ also were used
tocomparc cxplants from apical shoot tips and
nodal segments. All explants were recut into
segments 10 to 15 cm long and placed indi-
vidually into 16 x 100-mm culture tubes con-
taining 5 ml culture medium. Fifteen explants
were used per treatment.
-+ Plant material was cultured on NCGR-
COR medium, a modified DKW medium
(Driver and Kuniyuki, 1984), altered by sub-
stituting 30 g glucose/liter for sucrose, 200 mg
Sequestrene | 38 Fe/liter(Ciba Geigy. Greens-

plant and average shoot length were re-
corded afier 4 weeks of culiure.
induction first was tested in vitro. Shoots (20
10 30 mm long) formed on multiplication me-
dium were transferred to Magenta GA7 boxes
coataining NCGR-COR medium at half of the
nommal concentration of mineral salts with 4.9
uMIBA for 4 weeks. One day before removing
plantlets from the culture box, the lid was
loosened. The plants wilted but recovered
after transplanting. Rooted and noarooted
shoots were tmtsphmed into 200-ml plastic
ining a mix of I vermiculite ; 1

boro. N.C)) for FeEDTA, and S g agarfliter
(Difco Bitek agar, Detroit, Mich.) for Gelrite.
For culture establishment, 22.2 ps BA and
0.04 um 1AA were added. Cultures were placed
in a growth room at 25C with a 16-h. 25-
umol-m~s"* photoperiod via cool-white fluo-
rescent illumination. After 4 weeks in culture.,
data on the number of explants contaminated.
browned, and proliferaed (budbreak and elon-
zation) were collected. and new shoots were
subcultured.

To reduce tissue browning, explants from
upper branches and suckers of ficld-arown
trees were (reated in one of three ways: 1)
immersed in a solution (per liter of water) of |
¢ ascorbic acid for 2 h, 24 ma cysteine for | h,
or | g S-hydroxy-quinoline hemisulfate salt
(8-HQS) (Sigma) for 8 h following cleaning
with soapy water but before surface disinfes-
tation: 2) immersed in a solution (per liter of
water) of 2 g diethyldithiocarbamic acid. so-
dium salt (DIECA) solution (filter-sterilized)
for 2 h.or 200 mg K.S.0, (filter-sterilized) for
| min immediately after surface disinfesta-
tion; or 3) covered with 0.1 % solution of 8-
HQS (filter-sterilized) applied 1o the top of
agar medium for the first 6, 12, or 24 h of
culture on medium and then transferred onto
fresh culture medium (Laimer da Camara
Machado et al.. 1991).

To determine the relationship between
phenolic coatent and tissue browning. shoot
tips and nodal segments from grafted green-
house-grown plants and upper branches and
suckers of ficld-grown "Gasaway™ and
"Barcelona’ trees were used in Junc 1o deter-
mine phenolic concentration using methods
described by Oydvin and Richardson (1987),

Shoot multiplication. Shoots from estab-
lished "Willameue®, "Dundee . and *Newberg”
cultures were cut into nodal segments and
shoot tips, grown in Magenta GA7 boxes
{Magenta, Chicago) containing 40 ml NCGR-
COR medium supplemenicd with 6.7 yusm BA
and 0.04 pm IBA. and subculiured at 4-week
intervals. Nodal explanis taken from this ma-

-tenal were used 10 determine the optimum
growth regulator combination for shoot multi-
plication. Combinations iested were as fol-
lows (in pm):6.7BA.6.7BA +0.041BA, 222
BA. and 8.9 BA + 4.9 N6-(2-isopenienyl)
adenine (2iP). Twenty-fourexplanis (1wo rep-
lications of 12 per treaument) for each geno-
type were used in a randomized complete-
block design. and the experiment was per-
formed twice (48 explants per treatment per
genotvpe). Number of shoots produced per
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perite (v/v). placud in a mist bed for 2 10 3
weeks, then 1 to the g bench
for another 2 weeks, and ﬁmlly taansplanted

growih from explants taken in March than in
July for “Dundee’ and more from March and
May explants for “Newberg”, but there were
no differcnces among collection dates with
“Willamette® (Table 2). To our knowledge,
grafting has not been used previously as a
pretreatment method for hazelnut tissue cul-
ture. These results indicate that grafting is a
reliable method for improving the number of

growing explants.
Suckers proved tobe auseful explant source
in July, but establishment rates in June and
September were low. This difference may be
related to high rainfall in June, contributing to
more contaminants and the onset of dormancy
in September. Explants from upper branches
inall had the least growth of explants

to 700-ml pots with a 2 peat : | hemlock bark
: | perlite mix.

Microshoots also werg rooted ex viteo. The
basesof 30- 10 40-mm-long shoots were dipped
in 0, 1, or 5 mat [BA solution (dissalved in a
small amount of 95% ethanol then brought 1o
Timal volume with deionized water) for | min
and planted in plastic pots as previously de-
scribed. All rooting and acclimatization ex-
periments had 14 shoots per treatment and
were performed twice. Data were collected
after 4 weeks,

Statistical analysis. Multiplication experi-
ments were done as randomized complete-
block designs. tested with analysis of variance
and means separation by f test. Because of the
limited amount of plant material available
(resulting in a small number of explanis),
initiation, rooting, and acclimatization data
were analyzed using Fischer'sexact test, wh;ch

from any source. When explants from forced
outgrowth of upper branches of field-grown
“Gasaway” trees were used. the percentage off
growing explants (19%) was the same as those
taken directly from upper branches, These
results are similar to those of Diaz-Sala et ul
(1990). In that study, B0% of single buds of
forced mature branches (withour additional
coldtreatment)of “Tonda Gentile delle Langhe”
hazelnut failed to respond. and the remainimg
20% showed only leaf expansion and slislt
shoot elongation and did not develop funher.
Nodal segments respanded better thin did
shoot tips. Shoot tips initially showed leal
expansion, but all tips soon died without fur-

Table 1. Effectsofl explant source. collecting month,
and genotype on the prowthol hazcinut explans
afier 4 weeks of culture on NCGR-COR mec-
dium with22.2 pm BA and 0.04 pu IAA (n=135).

uses the exact P value rather than an
mation.

i

Results and Discussion

Culture establishment. The initial responses
of explants included tissue browning, micro-
bial contamination (bacteria and I‘unga) bud
growth, or no response. Tissue b g and
cxplant contamination were evident after 5 to
7 days of culture. Tissue browning was con-
fined ta the plant tissue and did not stain the
medium. Healthy explants started 10 show
budbreak and clongation (bud growth) in 7 to
10 days, and new shoots (20 1o 50 mm) were
excised and subcultured after 4 weeks.

“Barcelona” and “Gassaway® each had 7% to
60% of explants that did not show contamina-
tion. tissue browning, or bud growth during 4
weeks of culure (no response).

For*Barcclona’, grafied greenhouse-grown

plants produced more growing explants from -

collections in March (67%) and May (47%)
than several other combinations of cultivar
and collection time (Table 1). Generally,
growth from suckers was less, but for July
explants it was not statistically different from
grafied plants, The response for “Gasaway’
was similar to that of *Barcelona”®, with better
growth from March (87%) and July (60%)
explanis from grafied plants and July explants
from suckers (60%). In further tests of initia-
tion from grafied greenhouse-grown plants of
other cultivars. there was significantly more

Explant  Expluating Genotyy

source moath Barcclona  Gasaway

Grafis March 102 13a
May Tab A
July dad Kah

Upper

branches  May led lc

Junc 0d lc
Augud od Qe

Suckers June 2bd Ic
July S5a< %ab
September led Oc

“Number of explants showing budt d clong
tion without contamination. Treatments with the
same letier in a column arc not sigaificamtdy differ-
ent at I’ = 0.05 based on Fischer's exact test,

Table 2. Effocts of genotype and explant collecting
month oa the growth of hazelnut explants from
graficd greenhouse-grown plants after 4 weeks
of cull NCGR-COR medium with 22.2 v
BA and 0.04 s IAA (n = 15).

Ko. cxplanis initiating srowih
Explanting Genotyy
month Dundee  Newbers  Willameue
March 10a 15a 13
May 4ab l14a 8
July b 6b L7
Significance - = X3

‘Numberol' explants dmmag bualxukmﬁelmga

tion son within
columns at £ = 0,05 based on Fischer" sexact test (*
= significant; ks = nonsignificant).
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ther d This fuiture also was noted
with shoot tips of forced shoots (data nat
shown) and by Messcguer and Mclc (1987)
with ‘Negret’, probablyt hysiologi-
cal dlffemnocs bc(wecn shoot tips s and nodal
segments.

* lee some other woody planls. ussue
browning in hazelaut is a m

4
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muluplu,mnm buased on the stightly longer

swc and m\pnovod lcaf color. Af(cr wo 0 |

teshoots

were cut into shoot tip and-nodal scgments
with single buds (explants), and each expl

produced one to two new shoots (Fig: LA). Of
the two shoots produced, one was lly 2 to

{

1

santing frequency diftesed among the three
cultivars. After 4 weeks, the sooting frequen-
cics were 64%. for “Willamette', 78% for
*Newberg', and -100% for ‘Dundee”. More
than four 2- to 5-cm-fong roots were obtained
p‘.rrootod shoot for each of the three cultlvan.

tod and A <k

4 cm long and was divided into three new

duriag culture blishment. t ap-
proaches have boen used to deal with this
tissue browning (Preece and Compton, 1991).
[n our study, treatment of explaats from ficld-

pl the other (5 to 10 mm) produced one
or two new explaants, resulting in a total of
three to five new explaats per original explant
m 4 weeks. All three cultivars produced a

grown trees with ascorbic acid, cysteine, 8-
HQS, DIECA. or K,$,0, solutions did not
decrease tissue oxidation, i.c., browning (data
not shown). Using explants from grafted plants
was the best method for avoiding losses of all
types. including tissue browning.

Paper chromatography indicated that tis-
sues from field-growntrees geaerally had more
phenotic compounds than tissues from grafted
greenhouse-growa plants and shoot tips more
than nodal segments. The levels were not
quantified further than observation of chro-
natograns. These resulis substantiate our ob-
servations from in vitro culture establishment.
A similar relationship was noted with nodal
segments and shoot tips. Yu and Meredith
(1986) reported that axillary shoots of grape
(Vitis vinifera 1.) had greater survival and
lowerendogenous phenolic concentrations than
teaminal shoots.

Based on these results, we conclude that
the best explant sources were grafied green-
house-grown plants. Suckers collected in July
were the best option for ficld material collec-
tion for blish Stock (mother)
plaats in the greeahouse were used todecrease

hazelauttissuec ion(Messeguerand
Mele, 1983). and juvenile materials had a
better growthresp and less oxidation than

mature materials in conifers (Kurz, 1986). Our
results show that grafted greenhouse-grown
hazelaut plants may be rejuvenated or rein-
vigorated and provide an excellent explant
source available within 2 months of grafting.
Messeguer and Mele (1983) also found that
the collecting infl d re-
sponse, but their best results (63% of explants
sprouted) with self-rooted, greenhouse-grown
*Negret® plants were those collected in the
. autumn. The diff b our resul
and Messeguer and Mele's may reflect differ-
ences in genotype and between grafied and
self-rooted plants.

Shoot multiplication. The threc new hazel-
nut cultivars tested responded similatly to
“Nonpareil® and *Tonda Gentile Romana® (C.
avellana)in our previous study (Yuand Reed,
1993). All three cultivars cultured on medium
with 22.2 ps BA produced significantly (P-s
0.05) fewer (1 shoot) and shonter (1 cm) shoots
than those cultured on medi ining any

berof shoots. but *Dundee” shoots

were significantly longer than those of

*Willamette'. *Newberg® shoots were inter-
mediate in leagth,

Rootinductionand acclimatization. laviteo

of the other growth regulator combinations
(1.4 or 1.5 shoots). Shoots produced on me-
dium with the (in um) 6.7 BA-0.04 IBA com+
bination were not significantly longer(1.6cm)
than those on 6.7 um BA alone (1.4 cm). but
they were significantdy longer than the BA~
2iP combination (1.3 cm). The (in 1em) 6.7
BA-~0.041BA combination was used for shoot

to the gmenhouse without further treatment,
and all of them rooted and survived after 4
weeks of acclimatization.

Because a high survival rate was achieved
afteracclimatization for rooted and nonrooted
shoots. we tested ex vitro-r00t mducuon and
ion, Ex vitro din2
10 3 weeks, aad high rooting frcquencnes (64%
to 100%) were abtained when shoots were
dipped in § or 5 mm IBA solution (Table 3).

acel
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Fig. 1.(A) Sl\ml mulnphc:uon of *Dundee” Imrclmn rmqock aﬁer« weeks on NCGR-COR medium with

6.7 wn BA and 0,04 pse IBA. (B) " Willamene™ b

taut biish d in the g

vigex

vitro rooting (by dipping into | m IBA for § min) and .«cdmu(mg for 2 months.



More (510 10 roots per stioot) and shortee (1 to
3 cm long) roots were produced with 5 mu
than with T mm IBA (=5 roots per shoot; 2 to
5cmlong). Shoots dippedinwater(OmmIBA)
“vequired a longer time to ‘produce roots (~6
weeks) and had a lower rooting frequency
(36% 10 93%) and fewer roots thaa shoots
dipped in the TBA solutiots. *Dundec” and
“Wiltamette® vooted better than ‘Newberg” in
all treatments. )

For in vitro and €x vitro rooting studics,
plants were transplanted afier loosening the
lidsof Magenta GAT boxes in the culture room
for2 days. This step was required for sucoess-
ful acclimatization. High survival rates (78%
0 100%) were achieved for in vitco and ex
vitro root induction of all three cultivars, but
fewer *Newberg® shoots treated with 5 mu
IBA sutvived than the other wo similarly
teeuated cultivars, and “Newberg shootstreated
with the 5-mum IBA dip did not survive as well
as the control (Table 3). Hazelnuts may de-
velop & y after greent establish-
mentand may require a period of low tempera-
ture to break donuancy. Dormancy occurred
in initial acclimatization trials but not in our
experiments and docsnot affect survival, The
plantlets grew wellonce they rooted (Fig. 1B).
Because in vitro rooting is a time- and labor-
consummg, process. we suggest using ex vnm
roat mg

Conclusions

A complete micropropagation system for
hazelnut was achieved by selecting explants
(nodal axillary segments) from shoots of
grafied grecnhouse-grown plants in March.
May, or July or suckers of ficld-grown trecs in
July. Growth of 46% to 80% of ¢xplants from

rted by Messcguer and Mele
(l983). NOGR-COR medium with 22.2 um
BA and 0.04 um indole-3-aoctic acid (1AA)
was used foc culturc establishment a0d 6.7
BAand 0,04y IBA for shoot multiplication.
The tliree ¢o five iew explants produced cach
4w~eelcsondmnwlupﬁwionudmmm
about double the number in carlier
studics (Bassil et al, 1992; DiazSala et al.,
1990). High frequencics of rootiag were in-
duced either in vitro on medium with 4.9 pm
IBA orex vitroby dippingin 1 ocS muIBA for

‘1 min. In vitro rooting of hazelriot has been

reported previously (Bassil et al., 1992; Diaz-
Salaet al,, 1990; Percz etal., 1987); however.

ourstudy demonstrated using ex vitro rooting..
Usingex vitrorooting could improvethe speed
of teansfer from the growth room to the green-
house in commercial nurserics. Survival at
78% to 100% during acclimatization was
achieved by growing plants in a | vermiculite
: 1 perlite mixture urder mist for 2 10 3 weeks
and then transferring to the greenhouse beneh.
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